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LECTUREpl.&mdash;PART III.
IMPRESSED with the importance of being able to express

ia precise and reliable terms the amount of sugar corre-
sponding with what in my original experiments I de-

scribed as a trace in relation to the blood and the

liver, I have given my attention to the application of the
topper test gravimetrically instead of volumetrically. It
is now a common practice with chemists in sugar deter-
minations to employ the former method of procedure in pre-
ference to the latter. Greater precision and certainty belong
to a result obtained by the balance than to one derived from
watching the gradual disappearance of colour, and mentally
.deciding when the required point is just, and only just,
obtained, as in the ordinary volumetric process. Moreover,
in the case of minute quantities of sugar, as when the blood
and the liver in a state belonging to life are dealt with, the
suboxide is thrown down in so finely divided a form as to
remain diffused through the liquid, and obscure the de-
termination. Indeed, under these circumstances, the dif-

ficulty is such as to deprive the estimation of the desired
authority as an exact expression of quantity. Hence the
reason that actual quantitative results have not hitherto
figured more frequently in the discussion of the physiological
relations of sugar.
In adopting a gravimetric process, the copper may be

weighed in different states. The suboxide may be collected
and weighed as such, or converted into the oxide and the
weighing of this undertaken. From the difficulty, however,
that exists in obtaining the metallic oxide in a pure and
uniform state, some want of precision belongs to the results
thus derived. Looking for something more susceptible of
delicate exactness, the plan suggested itself of dissolving the
precipitated suboxide and throwing the copper down in the
metallic form by galvanic action.,upon a platinum surface,
in the same manner as is now extensively done in the assay-
ing of copper ores. Several difficulties at first presented
themselves in the execution of this process, and at one time
I almost thought it would have to be given up; but one by
one they have been overcome, and now I feel that, with the
requisite care in manipulation, it supplies a means of fur-
nishing reliable information. The close agreement noticeable
in the results yielded by counterpart analyses gives strong
testimony in favour of the process being susceptible of great
precision.
The object to be attained is to determine the amount of

’copper which corresponds with the reducing ’effect of the
sugar existing in the product analysed. We must first

prepare a suitable liquid for the application of the copper
test solution. The precipitated suboxide has then to be
collected in a separate form; it is next dissolved, and the
copper thrown down by galvanic action upon ’a cylinder of
platinum foil. The final part of the operation consists in
ascertaining the weight of the copper thus _thrown down.
Such are the principal features of the process, but I con-
sider it requisite to furnish an account of the manner in
which the several steps of it are carried out. I am anxious
not unnecessarily to enter into detail. I feel, however, that
these considerations, occupying the fundamental position
they do in relation to the physiological conclusions upon
which our views concerning the nature of diabetes are based,
should not be cursorily passed over. Unless you are satisfied

that the chemical method of procedure is entitled to credit,
1 I could not expect you to accept the conclusions derived
therefrom.
:, Let us suppose, then, that we have a specimen of blood
to submit to examination for the quantitative determination
of sugar, the following is the manner in which, according to
the plan proposed, the operation is conducted.
Forty grammes of sulphate of soda in small crystals are

weighed out in a beaker of about 200 cc. capacity. About
30 cc. of the blood intended for analysis are then poured
upon the crystals, and the beaker and its contents again
carefully weighed. In this way the precise weight of the
blood taken is ascertained. The blood and crystals are well
stirred together with a glass rod, and about 30 cc. of a hot
concentrated solution of sulphate of soda added. The beaker
is placed over a flame guarded with wire gauze, and the
contents heated until a thoroughly-formed coagulum is seen
to be suspended in a clear colourless liquid, to attain which
actual boiling for a short time is required. The liquid has
now to be separated from the coagulum, and the latter

washed, to remove all the sugar. This is done by first
pouring off the liquid through a piece of muslin resting in a
funnel into another beaker of rather larger capacity. Some
of the hot concentrated solution of sulphate of soda is then
poured on the coagulum, well stirred up with it, and the
whole thrown on the piece of muslin. By squeezing, the
liquid is expressed, and to secure that no sugar is left

behind, the coagulum is returned to the beaker, and the
process of washing and squeezing repeated.
The liquid thus obtained may be fairly regarded as con-

taining all the sugar that existed in the blood. From the
coarse kind of filtration and squeezing employed, it is slightly
turbid, and requires to be thoroughly boiled to prepare it for
filtration through ordinary filter-paper. A perfectly clear
liquid runs through, and to complete this part of the opera-
tion the beaker that has been used and the filter-paper are
washed with some of the concentrated solution of sulphate
of soda before referred to.
The next step is boiling with the copper test solution.

The liquid is again placed over a flame, and brought to a.

state of ebullition. A sufficient quantity of the copper solu-
tion to leave some in excess is now poured in, and, from the
time of recommencement of boiling, brisk ebullition is
allowed to continue for a period of one minute. This suffices
for all the sugar to be oxidised, and, accordingly, for all the
action upon the copper solution to be completed. There is
no risk during this time of spontaneous change occurring in the
copper solution; but observation has shown that, should the
boiling be continued for a lengthened period (by which I mean
ten minutes or a quarter of an hour), the copper solution under-
goes alteration, and no longer possesses the power of resisting
spontaneous reduction. As regards the amount of copper
solution to be used, although 10 cc. of the test as ordinarily
made are found to suffice for 20 cc. of the blood of animals in
a natural state, yet it is well to employ from 20 to 30 cc. to
secure that it is thoroughly in excess. Where, from any
circumstance, larger quantities of sugar exist in the blood,
more in proportion of the test must, of course, be used.
The precipitated suboxide of copper has now to be

separated from the excess of copper solution. Experience
shows that filtration through filter-paper cannot be resorted
to for the purpose. In the first place, the pores of the paper
tend to become blocked up and filtration to be stopped ; and
in the next-and this is a fatal objection-the paper absorbs
and so tenaciously holds some of the copper solution that it
cannot be effectually washed out. A plug of asbestos in a
filter-funnel may be used instead; but asbestos varies con-
siderably, and it is not always easy to procure it in a state
to answer well for free, and at the same time perfect, filtra-
tion. A material, however, which has somewhat recently
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been introduced-viz., glass-wool-fully furnishes what is
wanted. Properly packed in the neck of a funnel, it permits
filtration to be effectively and easily performed. The filtrate
should always be carefully examined, to see if the plug has
been sufficiently tightly packed to keep the whole of the
precipitate back. Should the crystallisation of the sulphate
of soda in this or the preceding filtration interfere with the
continuance of the operation, the funnel may be placed over
a beaker holding some liquid kept in a state of ebullition,
or heat may be applied in any other way.
The suboxide having been collected, and washing with

distilled water performed, it is returned to the beaker in
which the reduction was effected, to secure that none of the
precipitate that may have been adhering to the sides of the
vessel is lost. The plug is pushed with a glass rod from the
neck of the funnel held in an inverted position over the
beaker, and the funnel washed and its surface cleaned from
all adhering precipitate. We have now the suboxide in a
fit state to dissolve, and, until I resorted to the use of per-
oxide of hydrogen to effect its oxidation, a difficulty pre-
sented itself in this part of the operation, the precipitate
requiring an amount of acid to dissolve it which interfered
with the subsequent deposition of copper by galvanic action.
After the addition of a few drops of peroxide of hydrogen, a
very small quantity of nitric acid (a few drops only) is suffi-
cient to lead to instantaneous solution, and, after boiling, to
decompose the excess of peroxide of hydrogen, the contents
of the beaker, consisting of filter-plug and dissolved pre-
cipitate, are poured into a funnel containing a loose plug of
asbestos or glass-wool, to obtain the liquid in a separate
form. The requisite washing with distilled water having
been performed, there only remains the final stage of the
process to be accomplished.
The liquid to be now dealt with contains the copper in the

form of nitrate, which experiment has shown to be the most
suitable for yielding a pure metallic deposit by galvanic
action. For the purpose of collecting the deposit a cylinder
of platinum foil soldered to a platinum wire, for hooking on
to the negative pole of the battery, is employed. This is
immersed in the liquid so as nearly to touch the bottom of
the vessel, and inserted within it is a spiral coil of platinum
wire, made to constitute the positive pole of the battery. In
order to secure a good continuous connexion, the platinum
spiral is closely bound to the copper conducting-wire of the
battery, and the other pole is provided with a platinum
hook for the suspension of the cylinder. This precaution
has been found necessary from the ready manner in which
copper exposed ends become oxidised, and rendered im-
perfect conductors by the oxygen escaping from the liquid
underneath. It may also be mentioned that the platinum
spiral, after several days’ use, acquires a brown surface, and
requires to be occasionally cleaned by immersion in hydro-
chloric acid. At the end of twenty-four hours’ exposure to
galvanic action the weight of the cylinder with the deposited
copper is taken. The cylinder is lifted quickly out of the
liquid, and instantlv plunged, first into distilled water, and
then into spirit, the latter being used to avoid the occurrence
of oxidation of the copper in drying. After drying by sus-
pension in a water-oven the process of weighing is performed,
and it is hardly necessary to say that a delicate chemical
balance is required for the purpose. The weight of the
cylinder being known and subtracted gives the weight of the
copper that has been thrown down. In the case of an
analysis of blood containing an ordinary amount of sugar,
and therefore yielding a limited amount of copper to be
deposited, twenty-four hours have usually been found to
suffice for the completion of the operation ; but it is necessary
there should be no uncertainty upon this point, and to secure
this, the following course of procedure should be adopted.
After the weighing has been effected, the deposited copper is
dissolved off bv immersion of the cylinder in nitric acid, and
the cylinder then returned into the liquid to see if any fresh
deposit occurs. If, after some hours, no copper tint is seen,
the operation may be regarded as completed ; but if more
deposit has occurred, the immersion must be continued, and
another weighing performed, and this repeated till the
platinum surface remains untinted. We have here the most
delicate test there is for the presence of copper, and if no

appearance 
of deposit is perceptible it may be safely con-

cluded that no appreciable amount of copper remains in the
liquid.
The galvanic action requires to be steadily and continu-

ously maintained, and a modification of Fuller’s mercury-
bichromate battery has been found to answer best for use.

The arrangement that has been employed in my experiments
consists of an outer cell provided with two carbon plates,
and charged with bichromate of potash dissolved to satura-
tion in dilute sulphuric acid. Into the inner porous cell a
little mercury is poured, and it is then filled up with water.
An amalgamated zinc rod is inserted, and dips down into
the layer of mercury at the bottom. This battery, it is found,
gives a steady current, and, used every day, will remain ingood working order for at least a fortnight, all that is neces-
sary being to pour out the liquid in the porous cell when it
has become green from reduction of the diffused bichromate
solution, and replace it with water. _. Attention is, of course,
necessary to secure that the proper battery-power exists to
effect the deposition of the copper, and when the current
becomes weak, the zinc rod must be cleaned, and the bi-
chromate of potash solution replenished.
When sugar is boiled with the copper solution the change

occurring stands in the relation of one atom of the former
to five atoms of cupric oxide. One atom of sugar is oxidised
by, or reduces, five atoms of cupric oxide. This is the
foundation of the action involved in the operation of the
test, and the calculation of the amount of sugar present is
made accordingly. Taking 63’4 as the atomic weight of
copper, and 180 as that of glucose (C6 H12 06), 317 parts of
copper will stand equivalent to 180 parts of glucose. Thus
one part of copper corresponds to ’5678 of glucose, and in
calculating the amount of sugar in the blood analysed, the
weight of the copper deposited has only to be multiplied by
’5678 to give its equivalent in glucose. The quantity of
sugar in the amount of blood taken for analysis being thus
determined, the required information is supplied for ex-
pressing the proportion for 1000 parts.
Experience and careful consideration enable me to say

that I feel that the process I have described may be confi-
dently appealed to for giving precision to our knowledge
regarding the relations of sugar in the animal system. It
is true, time and delicate manipulation are required for
obtaining the results, but these are matters which ought
to be regarded as of no consideration in view of the object
for which the process is proposed.
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ON
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LECTURE III.-PART I.

I HAVE referred to that monopoly of observation of the
characteristics of insanity which the physician enjoys,
through the operation of the statutes, in asylums and hos-
pitals for the insane, and in the care of certified lunatics,
which enables him to explain the motives of insane criminal
acts ; for there are few insane persons who, if they were left
entirely without guidance and control, would not be liable
to commit some law-breach either of omission or of com-
mission. Still there is a marked difference between the
inmates of an ordinary hospital for the insane and those of
Broadmoor, where persons who have committed crime and
have been acquitted on the ground of insanity are detained
during the Queen’s pleasure. I can speak from observation
and personal inquiry of the inmates of Broadmoor, for,
besides former official visits, Dr. Orange has most kindly,
on several recent occasions, permitted me to study the in-
mates of his wards with that care and patience which is
so needful in an investigation of states of mind, and with
the aid and guidance of his own full and accurate know-
ledge.
One remarkable characteristic of criminal insanity can

scarcely fail to strike any earnest investigator at Broadmoor,
which is that in the most unlikely instances he will discover
a criminal motive. The absence of such motive is said to be
one of the most trustworthy marks of the offender who


